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ABSTRACT
Anatomic variations and anomalies in the arteries from the circle of Willis 
or the heart are common, sometimes even more common than the classic 
morphology. There is no reference in the literature to a correlation between 
variations and anomalies in these two organs. Coronaries and circle of Willis 
from 50 cadavers were dissected and analyzed. Eight percent presented a 
left dominant pattern of heart circulation, 4% were undetermined, and 88% 
were right dominant. Eighteen percent presented significant anomalies in 
the posterior circulation of the circle of Willis. The posterior cerebral artery 
originated from the internal carotid artery on the left in 2%, on the right in 12%, 
and on both sides in 4% of the cases. For every case that presented a left 
coronary dominant pattern, there was a concomitant anomaly in the posterior 
cerebral circulation (p = 0.0006). However, there is still no explanation for this 
finding.
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INTRODUCTION
The same arteries in different people are 
not necessarily equal; several differences in the 
anatomy of arteries may occur during the natural 
development of an individual, what is known as an 
anatomic variation.1 Trivellato et al.2 have outlined 
the requirements for a cardiac artery to be “normal” 
and “abnormal”, differentiating anatomic variations 
from anomalies. Thus, the posterior interventricular 
artery (PIA) being originated either from the right or 
the left coronary is considered an anatomic variation 
of the cardiac arteries, as it does not compromise 
heart functioning.
Anatomic variations and anomalies in the 
arteries composing the circle of Willis are also quite 
common, as it is considered that only about one third 
have the classic morphology.3-5 Merkolla6 found that 
46% of the posterior communicating arteries (PCoA) 
are missing in the general population; posterior 
cerebral arteries (PCA) originated from the internal 
carotid artery (ICA), known as fetal type PCA, are 
also relatively common.7 There is, however, to best 
of our knowledge, no data on the correlation of brain 
and heart vascular anatomic variations.
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Cerebral Arteries
The anterior cerebral arteries (ACA) were 
extracted from their origin in the ICA until the division 
at the frontopolar artery; the middle cerebral arteries 
(MCA) were dissected from their origin until their first 
ramification after the generation of lenticular-striate 
arteries; the PCA were dissected from their origin, 
either the basilar artery (BA) or the ICA, until the 
ramification in two branches: the parieto-occipital 
and calcarine arteries. The PCoA and anterior 
communicating artery (ACoA) were also obtained 
for each specimen.
The most important anatomic variations and 
anomalies were enumerated, before the arteries 
were divided and sent for microscopic analysis. 
Preventing the circle of Willis from maintaining an 
adequate flow (that is, as defined by Alpers,8 one 
in which blood can circulate from any entrance 
point and return to that same point) was considered 
as the basic criterion for being regarded as an 
anomaly, whereas other morphological differences 
were regarded as anatomic variations.
Therefore, extra arteries or uncommon 
anastomosis were considered as anatomic 
variations, whereas the absence of arteries, no 
communication between them, and abnormal origin 
were considered as anomalies. A small diameter 
was considered as an anatomic variation only 
if the artery was smaller when compared to the 
contralateral artery.
Statistical Analysis
The Fisher’s exact test was performed to 
compare the pattern of dominance and the anatomic 
variations; statistical significance was considered 
when p < 0.05.
RESULTS
Fifty cadavers were obtained for this 
analysis. Thirty two (64%) were male; mean age 
was 60.4 years.
The most common cause of death was 
respiratory failure (36%), followed by heart failure 
(22%), shock (14%) and others (8%). The cause of 
death could not be determined in 10 cases (20%).
We are performing a study on the distribution 
of atherosclerosis in the arteries and during the 
dissections both anatomic variations and anomalies 
in circle of Willis and coronaries were registered. 
The objective of this study is to present cases of 
concomitant anatomic variations in the brain and 
heart arterial circulation and speculate about an 
association between them.
Methods and Casuistic
This study was approved by the Ethics in 
Research Committee from Centro de Ciências 
Médicas de Sorocaba, in June, 2010. Written 
informed consent was signed by the next of kin 
or legal guardian. Cadavers from patients aged 
40 years old or more were included when all three 
organs (brain, heart and kidneys) were available for 
dissection.
The organs were extracted and fixed in 10% 
formaldehyde for no longer than a week, before 
being dissected.
Cardiac Arteries
The cardiac arteries were dissected by 
using a small Spencer scissor and a small rat-
tooth forceps; the arteries were dissected from 
their end to their origin, avoiding damaging both 
the heart and the vessel itself; initially the posterior 
wall, then the anterior wall, finally the aorta for the 
left coronary, then the marginal artery and the 
aorta for the right coronary. Once dissected, the 
whole arterial bed comes out as a single piece, 
what allows the evaluation of every macroscopic 
superficial arterial anastomosis and variations. 
Arterial branches that perforated the cardiac 
muscle were not evaluated.
The cardiac pattern of dominance was 
defined as the artery that supplied the posterior 
interventricular groove on macroscopic analysis, 
and could be either right, if it were the PIA or the 
right marginal artery, or left, if it were the anterior 
interventricular artery (AIA) or the circumflex. 
Myocardial bridging was recorded when a main 
coronary artery penetrated the myocardium during 
its track. It was not evaluated for other branches.
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from the LCA. Therefore, this case was considered 
as left-dominant.
In total, the heart presented a right dominant 
pattern in 88% of cases, left in 8%, and undetermined 
in 4% of all cases.
Anomalies in the posterior segment of the 
circle of Willis were detected in the 4 cases of left 
coronary dominant pattern. In 2 cases both PCA 
originated from ICA, with no connection to the BA. 
In other two cases right PCA originated from right 
ICA. In one of these the right PCoA was absent. 
The association between left coronary dominance 
and anomalies in the posterior segment of the circle 
of Willis was statistically significant (p = 0.0006) 
(Table 2).
Pictures of a left-dominant heart (Figure 1) 
and its respective circle of Willis (Figure 2) are 
shown below.
Fifty dissections were performed from 
August, 2010, to July, 2011; of these, nine brains 
(18%) showed anomalies affecting the PCA 
(Table 1). Six (12%) right PCA originated from the 
right ICA; one (2%) left PCA originated from the left 
ICA; and in two brains (4%), both PCAs originated 
from both ICAs; in both these cases there was no 
connection between the basilar artery and the PCA. 
In sixteen brains (32%) PCoA were missing: right in 
6 (12%); left in 3 (6%) and both in 7 (14%).
Variations or anomalies in the circle of 
Willis were detected in 25 cases (50%). There was 
predominance in the right posterior circulation of the 
circle of Willis: 12 cases (48%). Alterations in the 
left circulation and in both sides were respectively 
detected in 4 (16%) and in 9 (36%) cases.
Anatomic variations in the cardiac arteries 
were also found. The PIA originated from the left 
coronary in 3 cases (6%). In one case (2%), the origin 
of the PIA could not be defined since the patient had 
Chagas’ disease, and not only the vessels’ anatomy 
was hard to be evaluated, but also their histology 
was very similar to veins, rather than arteries. In 
one case (2%), PIA was duplicated and originated 
from both the left (LCA) and the right coronary 
artery (RCA), and both supplied the interventricular 
groove. These two cases were excluded from further 
statistical analysis. Two cases (4%) presented 
myocardial bridging; however, they did not have any 
other coronary anatomical alteration. In one case 
(2%), right circulation was hypoplastic and most of 
the posterior wall depended on diagonal branches 
Table 1 – Patterns of coronary circulation in cases with posterior circle of Willis anomalies
Brain arteries Heart arteries
n Dominance Other alterations
Right PCA originated from 
right ICA.
6 Short Cx





Short Cx, RCA and PIA
No right PCoA. 2 R, L -
No PCoA. 1 R Short Cx
Both PCA originated from ICA. 





PCA originated from the left ICA. 
No left PCoA.
1 R Short Cx
Subtilte: PCA: Posterior cerebral artery. ICA: Internal carotid artery. Cx: Circumflex artery. RCA: Right coronary artery. PCoA: Posterior communicating 
artery. BA: Basilar artery.
Table 2 – Comparison between coronary dominant 
pattern and significant anomalies in the posterior 
segment of Circle of Willis. (p according to Fisher’s 
exact test)








Right 5 (10.4) 39 (81.3) 0.0006
Left 4 (8.3) 0 (0)
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63.7 years. The most common cause of death 
was respiratory failure due to pneumonia (44.4%). 
Gender, age and cause of death were similar to the 
rest of our sample. None of the stated causes of 
death or commorbidities could explain the anatomic 
anomalies observed in these cases.
Eight percent of the cases had a left coronary 
dominant pattern, and 4% had an undetermined 
pattern, adding up to 12%, which is in accordance 
with the literature.1,9-11 Such macroscopic analysis is, 
however, not thoroughly adequate since coronary 
dominance is currently defined by angiography. 
This method generates a better analysis of the 
apex’s blood supply and is less prone to mistake. 
Even the vessels that penetrate the cardiac muscle 
can be evaluated, as opposed to the macroscopic 
dissection, which may neglect microscopic 
anastomosis between the left and right circulation.
Other studies analyzed the cardiac arteries 
through dissection12,13. Fazliogullari et al.12 identified 
a right dominance in 42%, co-dominance in 44%, 
and left dominance in 14%, what is rather different 
from the literature and from our findings. This may be 
due to their technique, as dissection was performed 
in layers, as opposed to ours, that focused on 
obtaining the arteries as well as not damaging the 
heart.
Diminished diameter of the arteries in the 
circle of Willis was not considered an anomaly. Only 
the cases in which the PCoA was definitely missing 
were recorded. If diminished diameter of the PCoA 
had been considered an anomaly, the number of 
anomalies in the circle of Willis would be certainly 
larger, as commented by Routsonis.5
One case report describes an incidental 
finding of bilateral internal carotid congenital 
agenesis in an 11-year-old child.14 Another report 
presents a woman whose right PCA was the only 
branch of the right ICA.15 In both cases, brain 
perfusion depended solely on the vertebral arteries 
and on the integrity of the circle of Willis. Such 
anomalies are especially important when performing 
surgery on the thoracic aorta or the carotids, when 
brain perfusion must be maintained exclusively by 
one side of the circle of Willis.
Arteries from the circle of Willis are formed 
from a primitive network surrounding the neural 
tube in the embryo. First, both carotid arteries are 
formed; then, they divide into branches which will 
DISCUSSION
Six (66.7%) of the 9 cases of significant 
anomalies in posterior circulation in the circle of 
Willis presented here were men, mean age of 
Figure 1 – Heart with PIA originated from the LCA 
(arrows).
Figure 2 – Dissected circle of Willis showing a 
variant connection between both posterior cerebral 
arteries and no connection to the basilar artery 
(arrows).
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plaques within the arteries, the authors chose not 
to use such technique, thus possibly compromising 
thorough evaluation of all anastomosis within the 
cardiac muscle, as commented above. Further 
anatomical studies may, however, prefer such 
technique.
Twenty percent of cases had no explained 
cause of death. Despite the cadavers being 
analyzed for focal ischemia and hemorrhages both 
in the heart and brain, it is possible that vascular 
anomalies were the main cause of death, as well as 
non-investigated metabolic causes.
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